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Knowledge-Based Systems
Superior AEMs are expected to result from the use of expert systems technology to integrate systematically processing knowledge and materials science. The success of the reasoning tools needed to integrate symbolic knowledge of materials design, process planning, and IPM will depend on the understanding of the underlying materials science and the logic of the problem-solving approach employed.
To date, only modest success has been achieved in applying knowledge-based systems technology to materials systems. Planning approaches based on artificial intelligence (AI) are being used to aid in the design of conventional alloys, as demonstrated by the Aluminum Alloy Design Inventor (ALADIN) system,1 jointly developed by Carnegie Mellon University and Alcoa Research Laboratories. Another achievement has been the use of expert systems concepts to incorporate symbolic process operator knowledge into the formulation of process control. Each of the above has demonstrated some success in either production or control, but not in more clearly delineating the formidable problems that remain.
More powerful expert systems are clearly needed to represent more expressively materials and process engineering knowledge and to facilitate operation of intelligent control systems. A major challenge is to build intelligent controllers that are capable of translating materials and process understanding and reasoning approaches into planning and control formulations that can be executed by computer programs.
Another challenge is related to the communication and display of scientific information. Materials scientists often use geometrical representations (e.g., graphs or pictures) to express phase relationships and microstructural and fractographic descriptions. Words and numbers cannot adequately express geometric information, and because AEMs incorporate an extremely wide spectrum of micro-structural features that span several hierarchical levels, no single photograph or diagram, can encompass them all.
Materials scientists can infer the succession of phases, as well as phase chemistry and volume fraction, by tracing the multidimensional pathway through phase and transformation diagrams, the most commonly used means of relating phase constituency and temperature dependence for complex alloys. Reasoning is performed by coupling the graphical thermodynamic and kinetic representation with other microstructural and experiential knowledge, with the aim of solving these problems and others that are sure to